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Abstract 
A tandem differential mobility analyser system combining volatilisation and 
humidification aerosol conditioning to allow the observation of hygroscopic behaviour 
for non-volatile residues in sulphate aerosols in real time has been developed and 
demonstrated. The Volatilisation and Humidification Tandem Differential Mobility 
Analyser (VH-TDMA) system can measure changes in the hygroscopic behaviour of 
heterogeneously nucleated aerosol as one or more semi-volatile species are removed 
through thermal evaporation or decomposition.  
 
The VH-TDMA system has the potential to distinguish between submicrometer particles 
containing residues of differing volatility and hygroscopic growth and can do so for 
residue diameters as small as 5 nm. The technique has the potential to distinguish 
between components such as sea salt and combustion derived particles within 
submicrometer sulphate aerosols and will find application in marine and combustion 
aerosol research investigating nucleation, coagulation and secondary aerosol formation 
processes.  
 
Hygroscopic growth and volatility data measured with the system are presented for Di-2-
ethylhexyl-sebacate (DEHS), sodium chloride, ammonium nitrate, ammonium sulphate, 
sulphuric acid, ammonium bisulphate and methane sulphonic acid, as single aerosol 
species for comparison with values reported by other authors. Results of investigations of 
aerosols containing mixtures of two species are also presented.  
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 1. INTRODUCTION 
 
Accurate time and size resolved data on the chemical composition of ambient aerosols 
using standard methods of chemical analysis are limited due to the difficulty of collecting 
sufficient material for analysis. Despite such obstacles a need exists to test hypotheses 
concerning aerosol composition and formation. In some cases an additional knowledge of 
the volatility and solubility of the major constituents of particles within the various 
aerosol size fractions would be sufficient to select between competing models for aerosol 
formation, allowing a more focussed approach to remaining issues. 
 
For example the contribution of anthropogenic sulphate and biomass burning emissions 
to aerosols in the marine environment are increasingly being seen as potential modifiers 
of global climate because of their effects on planetary albedo, cloud formation, (Twomey, 
1974) precipitation and atmospheric circulation (Nober et al., 2003; Rosenfeld, 2000). 
Sulphate particles seeded by sea salt or combustion products such as soot and ash, 
contain non-volatile residues with different hygroscopic behaviours while homogenously 
nucleated sulphate aerosols which have not internally mixed with other aerosols through 
coagulation would not be expected to contain any non-volatile residue.  
 
The sulphate component of the non-sea-salt sulphate aerosol in the marine environment is 
usually attributed to the oxidation of dimethyl sulphide (DMS) gas to form sulphuric acid 
and methane sulphonic acid (MSA) (Fitzgerald, 1991). It is possible that the sulphate 
particles once formed grow to sufficient size to act as seeding particles for the 
heterogeneous nucleation of MSA (Berresheim, 2002; Pandis et al., 1995). An ability to 
distinguish insoluble semi-volatile organic species from sulphates and MSA based on 
volatility and hygroscopic behaviour would allow the role of MSA in the formation of 
submicrometer marine aerosols to be investigated more easily. 
 
Vehicle emissions studies are another area in which measurements of the hygroscopic 
behaviour and volatility of the particle constituents is of interest. Differences in 
hygroscopic growth have been used to suggest differing levels of sulphate enrichment in 
diesel aerosols (Kittelson, 2002). Any relationship between hygroscopic growth and the 
sulphate content of diesel vehicle emission aerosols will depend on the degree to which 
the sulphate fraction of the particles is exposed to humid air during humidification. If 
such particles initially form from the sulphate species and then act as a seeds for the 
condensation of the unburned hydrocarbons (identified by Tobias et al and Sakurai et al 
as alkanes, and cycloalkanes in the C24–C32 range) (Sakurai et al., 2003; Tobias et al., 
2001), the resulting particles may consist of a sulphate core coated with the hydrocarbon 
fraction. In this case diffusion of water to the sulphate core would be reduced due to the 
hydrophobic organic coating resulting in the suppression of the hygroscopic growth. This 
would lead to an underestimation of the sulphate volume fraction within the particle. 
 
The need to gain some insight into the chemical nature of submicrometer aerosols has 
previously lead to the development of hygroscopic growth and volatility methods for 
aerosol research. Similarly sized particles of different composition can sometimes be 
distinguished through their differing growth response to humidification because the 
extent of hygroscopic growth depends on the chemical properties of the aerosol. 
Furthermore, volatile compounds can often be distinguished by the differences in their 
volatilisation temperatures. Such differences provide means of reducing the range of 
candidates for the composition of an unknown aerosol. Frequently these properties are 
investigated using Tandem Differential Mobility Analyser (TDMA) systems (Rader and 
McMurry, 1986).  
 
In a TDMA system, aerosol is size classified by a differential mobility analyser (DMA), 
then modified (through humidification or heating for example), before being analysed in 
a second DMA to determine changes in the particle mobility. Hygroscopic TDMA (H-
TDMA) systems have been used by a number of groups to investigate the hygroscopic 
growth of atmospheric aerosol (McMurry and Stolzenburg, 1989). Volatility TDMA (V-
TDMA) systems have also been used by several groups (Orsini, 1996; Sakurai et al., 
2003; Schmid et al., 2002). Kittelson et al used a volatility TDMA and hygroscopic 
TDMA to investigate the volatile organic fractions and the hygroscopic growth of diesel 
vehicle emission aerosols (Kittelson, 2002). 
 
While volatility techniques can be helpful in identifying the composition of the volatile 
fraction of aerosol particles, they cannot exclude alternative elemental carbon or non-
volatile compounds for any remaining non-volatile residue. On the other hand 
hygroscopic growth measurement alone, cannot distinguish secondary aerosols formed 
through homogeneous nucleation from those formed through heterogenous nucleation 
where the seeding particle may make up a very small fraction of the particle composition.  
 
There are no published data where the volatility and hygroscopic growth techniques have 
been applied in parallel for ambient aerosols, nor have they both been combined in 
tandem to demonstrate the possibility of determining hygroscopic behaviour for species 
within an internally mixed or heterogeneously nucleated aerosol.  
 
The aim of this work was to develop and evaluate a VH-TDMA system which can be 
used to gain information on the hygroscopic behaviour and volatility of particulate 
material which may remain after the removal of semi-volatile components of a particle 
through heating. 
2. METHODS AND TECHNIQUES 
2.1Experimental Setup 
The design of the VH-TDMA system is shown in Figure 1. The system contains three 
differential mobility analysers DMA1, DMA2 and DMA3. Dry filtered aerosol enters 
DMA1 (TSI 3071A) via a neutralizer producing a charged, size selected fraction of the 
aerosol. This size fraction then passes through the heater (C1) where volatile components 
are removed through vaporisation or decomposition to gaseous species. The resulting 
aerosol/vapour mixture then cools to room temperature in the presence of activated 
carbon granules which absorb the bulk of any condensing gas phase species.  
 
A portion of the resulting charged, denuded aerosol is then examined for changes in 
particle diameter using DMA2 (TSI-3085) and a TSI-3025 condensation particle counter 
(CPC-A). The remaining portion of the conditioned aerosol is examined in terms of its 
hygroscopic behaviour using a humidification aerosol conditioner (C2) and DMA3 (TSI-
3071A) and a TSI-3010 CPC (CPC-B).  
 
Prior to initial size classification in DMA1, the aerosol to be examined and sheath air are 
dried to a relative humidity of <15% in a diffusion drier. DMA1 allows the passage of 
particles of a selected dry diameter D1, determined by setting the appropriate DMA1 
voltage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
The system uses a TSI 3065 model thermodenuder as the volatility conditioning 
component. After classification in DMA1 the resulting monodisperse aerosol passes 
through the thermodenuder C1 where a volatile fraction is removed. The exiting aerosol 
flow is then split into two equal parts. The size distribution of the dry volatility 
conditioned aerosol is determined by scanning DMA2 using one half of the divided 
aerosol flow. The remaining half of the volatility conditioned aerosol passes to the H-
TDMA subsystem for diameter growth factor measurement. 
 
The TSI 3065 thermodenuder senses the volatilisation temperature using a thermocouple 
located outside the glass heating tube, and adjacent to the heating element. This 
thermocouple does not directly measure the temperature achieved by the gas flowing 
inside the heating section. In order to calibrate the system for different gas flow rates a 
small thermocouple inserted directly into the heated flow path of the thermodenuder was 
used to obtain a calibration curve relating the maximum gas temperature to the devices 
indicated temperature for the flow rates used in the subsequent VH-TDMA experiments. 
 
One half of the excess airflow from DMA1 passes through the diffusion humidifier (C2) 
consisting of a humidity saturator (S) and a laminar flow humidifier column (L). The 
saturator splits the airflow so that it passes through six 800mm long, parallel 10mm 
diameter stainless steel mesh tubes embedded in a matrix of wetted vermiculite granules. 
Figure 1: VH-TDMA system 
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The air from the saturator then passes through a HEPA capsule filter which ensures that 
no particles are introduced by the humidifier. The HEPA filter is conditioned prior to 
each measurement by running the system until the humidity at the output of DMA3 
stabilises. This process ensures that the HEPA filter does not alter the humidity of the air 
leaving the saturator. 
 
The remaining half of the dry volatility conditioned aerosol flow from the thermodenuder 
and the humidity saturated excess air from DMA1 meet in the laminar flow humidifier 
column where the aerosol flow is surrounded by humid sheath air during its passage 
through the tube. Water vapour from the sheath air diffuses to the aerosol stream so that 
the relative humidity is uniform on leaving. The humidity of the exiting aerosol stream is 
set to 90% by the ratio of the sheath flow to aerosol flow in the humidifier. The humidity 
is monitored using a RH sensor located in the excess air outlet line of DMA-3 and is 
confirmed by examining the hygroscopic growth of 100 nm NaCl aerosol. 
 
The laminar flow humidifier column is constructed from a 1.5m long stainless steel tube 
with a diameter of 25mm. The tube Reynolds number of 187 for the designed flow rate of 
3.3 lpm, ensures that laminar flow conditions are achieved. The aerosol enters the tube 
through a stainless steel tube with an inner diameter of 7.5mm located at the centre of the 
top of the laminar flow humidifier column and directed along its axis. The walls of the 
aerosol inlet tube are tapered to reduce turbulence at the tube end. Humidified sheath air 
is introduced at the top of the laminar flow humidifier column 250mm above the end of 
the aerosol inlet tube to ensure that the sheath air flow is fully developed at the point 
where the aerosol is injected. This air passes through a pair of 300 mesh stainless steel 
screens, which act as flow straighteners. The aerosol and sheath airstreams are retrieved 
at the bottom of the laminar flow humidifier column by a system identical to the 
arrangement at the inlet end.  
 
Variations in the temperature at any point after humidification, including the DMA3 
where the humidified aerosol diameter is determined, will alter the relative humidity, and 
can therefore influence measurement of hygroscopic growth. In the current system the 
temperature of the humidifier column, saturator and DMA3 column is determined by 
circulating ambient air over the outer surfaces of the humidifier components and DMA3. 
The air humidification is isothermal as determined by temperature measurements at the 
entrance and exit flows. Air saturation is confirmed by noting the presence of 
condensation in a clear section of tubing at the saturator exit.  
 
The H-TDMA subsystem is similar to the H-TDMA system used by Cocker et al (Cocker 
et al., 2001), with differences in the humidifier column dimensions, the type of saturator 
used and the approach to DMA temperature regulation. In the system used by Cocker et 
al, the laminar flow humidifier temperature is controlled via a water jacket however the 
issue of temperature control for the DMA used to measure the mobility of the humidified 
aerosol is not discussed. The current H-TDMA sub-system relies on air circulation to 
ensure that the entire process is isothermal. Cocker et al used a 1m long tube with a 
diameter of 47mm for their laminar flow humidifier. The tube used for this system is 
1.5m long with a diameter of 25mm. The narrower dimension allows water vapour 
diffusion to approach equilibrium much more rapidly, permitting a reduction of the 
residence time to 13.4 seconds at the design flow rate of 3.3 lpm. This design provides a 
significant improvement in the rate at which the system can step through a range of dry 
diameters or thermodenuder temperatures. 
 
The V-TDMA subsystem resembles the Volatility Tandem Differential Mobility 
Analyser (V-TDMA) developed by Orsini et al, which they used to determine the mass 
fraction of sulphuric acid in aerosol particles. The current system differs primarily in its 
use of the commercially available TSI-3065 model thermodenuder as the volatility 
conditioning component. 
2.2 Aerosol Generation and Treatment 
 
Seven single species aerosols and several aerosols containing internally mixed 
combinations of two species were tested. All single species aerosols except for Di-2-
ethylhexyl-sebacate (DEHS) were generated by nebuliser from aqueous solutions 
prepared with ultra pure deionised water (Elga: Elgastat, 0.2 µS/cm at 25ºC). 
 
The single species DEHS aerosols were formed through homogenous condensation using 
a TSI-3475 Condensation Monodisperse Aerosol Generator (CMAG) without a seeding 
aerosol. The NaCl seeded DEHS aerosol was generated by the CMAG system using NaCl 
as the seeding aerosol. 
 
Those internally mixed two-species aerosols which did not contain a DEHS component 
were also generated by a nebuliser using aqueous solutions of two components in water. 
The chemicals used included ammonium sulphate (Univar, 99.0%), ammonium 
bisulphate (Fluka, 99.5%), ammonium nitrate (BDH, 99.5%), sodium chloride (BDH, 
99.9%), MSA (Aldrich, 99.5%,), DEHS (Sigma, 95%), sulphuric acid (Aldrich, 95%). 
 
Distinguishing between sulphuric acid, ammonium sulphate, and ammonium bisulphate 
aerosols can be further complicated by chemical transformations which may occur within 
the measurement system resulting in uncertainty regarding the initial species. The 
presence of ammonia which is ubiquitous in ambient air and is difficult to remove from 
filter media and other surfaces, can rapidly neutralise small quantities of sulphuric acid to 
ammonium bisulphate or ammonium sulphate. To avoid ammonia contamination the 
solutions were nebulised using high purity nitrogen which acted as the carrier gas 
throughout the system for these experiments.  
2.3 Experimental Procedures 
Before conducting a scan the correct flow rates are established as indicated in Table 1.  
Table 1: Flow settings for the VH-TDMA 
Flow Setting Flow Setting (lpm) 
DMA1 sheath flow rate  6.0 
DMA1 aerosol flow rate 1.2 
DMA2 sheath flow rate  3.0 
DMA2 aerosol flow rate 0.3 
DMA3 sheath flow rate 3.0 
DMA3 aerosol flow rate  0.3 
MFC1 flow rate 3 
MFC2 flow rate 0.6 
 
After the flow settings and humidity have stabilised a scan is conducted as follows. 
 
1. DMA1 is set to the diameter of interest (Ddry) and after a delay for purging DMA2 
and DMA3 are scanned to determine the initial location of the monodisperse 
aerosol from DMA1. The range of the DMA2 scan is from the low end of this 
DMAs operating range to Ddry. The range of the DMA3 scan is usually taken from 
the low end of the DMAs operating range to 4Ddry. These limits minimise the scan 
duration while ensuring that aerosols with growth factors Dwet/Ddry as large as 
four can be observed. 
2. The procedure in step 1 is repeated for successively higher thermodenuder 
temperatures producing two sets of N, DMA scans representing the selected dry 
diameter after heating only, and after subsequent humidification. Alternatively, 
where hygroscopic growth and the less-volatile fraction for a fixed temperature 
versus a range of room temperature dry particle diameters is required a parallel 
configuration is used where the aerosol for DMA3 is taken from upstream of the 
thermodenuder and the thermodenuder temperature is held constant while the 
DMA1 voltage is increased for each successive scan of DMA2 and DMA3. 
The fixed temperature scan in step 1 requires 90 seconds, however the temperature of the 
thermodenuder takes some time to stabilize, depending on the temperature to be achieved 
and the size of the temperature step. A complete scan covering the temperature range 
from 25 ºC-300 ºC using 5 ºC increments takes approximately 2 hours. By completing a 
preliminary brief scan at a larger temperature increment the approximate evaporation 
point for a species can be established very quickly and a scan with a higher temperature 
resolution can then be completed over a much smaller temperature range.  
3. Results and Discussion 
3.1 Volatility and Hygroscopic Growth for Single Species 
 
Table 2 summarizes the results for each single species aerosols tested. In general there is 
good agreement between the observed hygroscopic growth factors for NaCl, ammonium 
sulphate, ammonium bisulphate and sulphuric acid and those reported by other 
researchers. Data for MSA were not found in the literature.  
Table 2: Volatilisation temperatures and diameter hygroscopic growth factors of 100 nm particles for 
various species tested. BP : Boiling point, RHc: Relative humidity for crystalisation, RHd: Relative 
humidity for deliquescence, Ddry: Dry diameter, Tvol: Volatilisation temperature,  G90%: Diameter 
hygroscopic growth factor at 90% relative humidity, D0: Dry particle diameter.  
Comparable data published elsewhere 
Species Tvol  G90% Tvol G90% BP RHc/RHd 
 ±5 (°C) ±0.03 (°C)  (°C) (%) 
DEHS 126 1.01 not found not found 256w1 L 
NaCl _ 2.31 not found 2.35b 1413w1 50%a/75%b 
NH4NO3 75 1.50 not found not found 210w1  <12%/61.5%l 
(NH4)2SO4 205 1.70 150-300b 1.71b 205d,k 37%/80%w2 
H2SO4 139 1.68 40-150c 1.68b 100-338w1 L 
NH4HSO4 202 1.79 150-300b 1.81b 205dk  <22%/40%t 
MSA (CH3SO3H) 171 1.57 not found not found 167w1 L 
 d decomposes before boiling, L: liquid at room temperature, w1: (Weast and Astle, 1980), k: (Kiyoura, 1970), w2: (Wilson, 
2002), b: (Berg et al., 1998), t: (Tang and Munkelwitz, 1994), l: (Lightstone et al., 2000), a: (Andrews and S. M. Larson, 1993), 
s: (Schmid et al., 2002), c: (Clarke, 1993) 
 
The volatilisation temperatures for ammonium sulphate and ammonium bisulphate were 
similar. The mechanism, kinetics and equilibrium decomposition of ammonium sulphate 
have been previously reported by (Kiyoura, 1970). On heating at >170 °C in an open 
system, ammonium sulphate decomposes, yielding ammonium bisulphate (NH4HSO4). 
Both ammonium sulphate and ammonium bisulphate decompose at approximately 205 
°C to produce a range of gaseous products including ammonia and sulphur oxides. It is 
not surprising therefore that these two species do not show distinct volatilisation 
temperatures.  
 
The ammonium nitrate aerosol showed significant shrinkage during passage through the 
system at room temperature indicating that gas-particle equilibrium was not achieved for 
this species. Hygroscopic growth measurements for ammonium nitrate should therefore 
be treated with caution. 
 
In each of the single species aerosols a residue was observed after volatilisation of the 
species in question. The residue hygroscopic growth in these cases often differed 
substantially from that of the target species. 
 
Figure 2 shows the behaviour of 100 nm ammonium sulphate aerosol at a thermodenuder 
flow rate of 0.6 lpm. Removal of the aerosol begins at 178 °C and is completed by 205 
°C. The hygroscopic growth factor drops sharply from 1.7 to 1.5 over the same 
temperature range. Based on the particle diameters before and after volatilisation, and 
assuming they are spherical in shape, the volume of the residue particle is 3% of the 
particle volume before heating. This residual aerosol is assumed to arise from impurities 
in the ammonium sulphate solution, primarily from the water used to make up the 
solutions. This material is at least partially soluble in water as shown by the growth factor 
of 1.5 and remains in particulate form even at 280 °C. 
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Figure 2: Particle diameter after volatilisation (Dv), particle diameter after subsequent hygroscopic 
growth (Dh) and diameter hygroscopic growth factor (Dh/Dv), versus thermodenuder temperature, 
for 100 nm ammonium sulphate aerosol. Thermodenuder flow rate = 0.6 lpm, dry RH =15 %, humid 
RH = 90 %. 
 
3.2 Volatilisation Temperatures and Residue Diameter Hygroscopic Growth 
Factors for Mixed Species. 
 
In order to test the behaviour of an aerosol containing two different species of known 
hygroscopic behaviour and volatility, sodium chloride seeded DEHS aerosol with an 
overall particle diameter of 100 nm was used. Figure 3 shows the dependence on the 
thermodenuder temperature of the particle diameter and diameter hygroscopic growth 
factor for this aerosol.  
 
The DEHS component begins to evaporate at 75° and is completely removed at 110 °C.  
The presence of the NaCl seed does not appear to significantly alter the volatility of the 
DEHS (see Table 2). This is expected as NaCl is insoluble in DEHS and should therefore 
produce no colligative affects on the DEHS vapour pressure. 
 
The diameter hygroscopic growth factor begins to increase as the DEHS component 
evaporates and reaches a value of 2.15 when all of the DEHS has been removed. This 
value is lower than that of pure NaCl which has a growth factor of 2.3 at 100 nm (see 
Table 2). This is due to the greater influence of the Kelvin effect at the smaller particle 
size of 28 nm. The theoretical values for the hygroscopic growth factor of 100 nm and 28 
nm NaCl particles at 90% relative humidity as calculated using the model by Ferron 
(Ferron, 1977) are 2.30 and 2.16 respectively .  
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Figure 3: Particle diameter after volatilisation (Dv), diameter after subsequent hygroscopic growth 
(Dh) and diameter hygroscopic growth factor (Dh/Dv), versus thermodenuder temperature for NaCl 
seeded DEHS aerosol. Thermodenuder flow rate = 0.6 lpm, dry RH =15 %, humid RH = 90 %. 
 
Figure 4 shows the behaviour in the VH-TDMA of an aerosol formed by drying a 
nebulised aqueous solution containing MSA and ammonium sulphate in the ratio 9:1 v/v. 
The figure shows the particle diameter after heating and again after subsequent 
humidification. Also shown is the diameter hygroscopic growth factor.  
 
The evaporation of the MSA component at 142 °C is accompanied by an increase in the 
particle hygroscopic growth from 1.64 to 1.68 which is similar to that found for pure 
ammonium sulphate (1.70). The increased noise apparent in the hygroscopic growth data 
during volatilisation of the MSA component is due to the greater dependence of the 
particle diameter on temperature near the volatilisation temperature. The ammonium 
sulphate fraction decomposes at 188 °C leaving a residue consisting of impurities of 
unknown origin with a hygroscopic growth factor of 1.52.  
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Figure 4: Particle diameter after volatilisation(Dv), diameter after subsequent hygroscopic growth 
(Dh) and diameter hygroscopic growth factor (Dh/Dv), versus thermodenuder temperature for 
aerosol composed of 90% MSA and 10% (NH4)2SO4 v/v. Thermodenuder flow rate = 0.6 lpm, dry 
RH =15 %, humid RH = 90 %. 
 
The reduced volatilisation temperature of the ammonium sulphate fraction (188 °C) when 
compared to that of pure 100 nm ammonium sulphate particles (205 °C) may be due to 
impurities introduced by the MSA or to the much smaller ammonium sulphate particle 
size (40 nm). 
 
Figure 5 shows the unvolatilised particle volume fraction versus temperature for particles 
composed of MSA and ammonium sulphate. The reduced volatilisation temperature of 
the MSA fraction (142 °C) when compared to that of pure MSA aerosol (171 °C) is 
attributed to the presence of the ammonium sulphate altering the MSA volatility. 
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Figure 5: Unvolatilised particle volume fraction ( V(T)/V(T0) ) and particle diameter after heating 
(Dv) versus thermodenuder temperature, for aerosol composed of 90 % MSA and 10 % (NH4)2SO4 
v/v. Thermodenuder flow rate = 0.6 lpm, dry RH =15 %, humid RH = 90 %. 
 
100
150
200
0.00 0.25 0.50 0.75 1.00
Ammonium Sulphate Volume Fraction
M
SA
 V
ol
at
ili
sa
tio
n 
Te
m
pe
ra
tu
re
 
T M
SA
  (
°C
)
1.5
1.6
1.7
1.8
1.9
D
ia
m
et
er
 H
yg
ro
sc
op
ic
 G
ro
w
th
 
Fa
ct
or
 (D
h/
D
v)TMSA 
Γ
Dh/Dv
 
Figure 6: MSA volatilisation temperature (TMSA) and particle diameter hygroscopic growth factor 
(Dh/Dv) and expected growth factor assuming no interaction between the species (Γ), versus the 
ammonium sulphate fraction of the particles before heating. 
 
The influence of ammonium sulphate on the volatility of MSA in a binary mixture with 
ammonium sulphate is further illustrated in Figure 6. The figure shows the aerosol 
temperature at which MSA is evaporated for different combinations of MSA and 
ammonium sulphate.  
 
 This illustrates the extent to which the presence of such an impurity can influence the 
volatilisation temperature of a volatile species such as MSA. This is particularly 
significant when using volatility data to identify MSA in non-sea-salt sulphate particles in 
the marine environment as MSA is thought to condense on existing sulphuric acid or 
ammonium sulphate particles. MSA volatilisation should therefore be expected anywhere 
in the range from 125 ºC-170 ºC depending on the composition of the aerosol.  
 
Also shown in Figure 6 is growth factor for the particles and the expected growth factor Γ 
calculated according to Equation 1, assuming no interaction between the two species. 
 
Equation 1 
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4. Summary and Conclusions 
 
A new VH-TDMA system for measuring the hygroscopic behaviour of non-volatile 
residues in internally mixed multi-component aerosols was developed and tested. The 
ability of the HV-TDMA to measure changes in the hygroscopic behaviour of particles as 
volatile components are removed was demonstrated. The system was able to measure the 
diameter hygroscopic growth factor of thermally denuded aerosols consisting of DEHS 
coated NaCl particles and particles consisting of ammonium sulphate dissolved in MSA.  
 
This technique will be useful in determining whether particles have been formed through 
seeded nucleation or through homogenous nucleation through its capacity to distinguish 
between components of similar volatility but differing hygroscopic behaviour within 
particles consisting of several species. The technique can measure the volume fraction of 
semi-volatile particle constituents of a submicrometer aerosol and the hygroscopic 
behaviour of non-volatile particulate residues with dry diameters as small as 5 nm.  
 
The technique is able to distinguish between MSA and the sulphate volume fractions in 
submicrometer particles and will therefore find application in examining the role MSA 
plays in submicrometer marine aerosol production. The demonstrated ability of the 
technique to measure the hygroscopic growth of non-volatile residues within secondary 
aerosols in real time suggests its suitability also for continuous source apportionment in 
real time with respect to sea-salt seeded versus combustion aerosol seeded, and 
homogenously nucleated secondary aerosols in marine and coastal environments. 
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